Phytochrome is capable of mediating a number of cellular effects within seconds of the onset of illumination (12), but the earliest reported effects on growth regulation are of the order of several minutes (8), indicating that intermediary processes intervene between photoreception and growth regulation. Accurate estimation of the latent period of a growth response depends upon the sensitivity with which growth may be measured. Using highly sensitive linear displacement transducers resolving growth rates of the order of 0.1 m min-', we recently estimated the latent period for the R-mediated' inhibition ofdark-grown wheat seedling extension to be about 8 min (6). The latent period was independent of the fluence of R supplied, as were the early kinetics of inhibition (i.e. up to about 40 min); subsequently, up to 65% depression of extension rate was seen, peaking at about 85 min, followed by a gradual return to the pretreatment rate. The involvement of phytochrome could not be proven since the attempts to achieve R/FR reversibility failed. Even when 730 ' Abbreviations: R, red light; Pr, Pfr, red-absorbing and far-red-absorbing forms of phytochrome, respectively; FR, far-red light; G, green light. nm FR was supplied within 4 s after a 10 s exposure to R, growth inhibition was identical to that evoked by the R treatment alone. This paper reports the successful reversion of the R effect by the use of long wavelength FR given immediately after very brief periods of R, and the construction of a fluence-response relationship. In the course of these experiments, seedlings which had inadvertently been preexposed to low levels of light were included; such seedlings exhibited substantial differences in their responses to R and FR radiation, compared with those not previously exposed to light. In particular, the latent period for the R-mediated growth inhibition was significantly longer in preexposed seedlings than in dark-grown seedlings, the sensitivity to R was markedly reduced, while the response was fully reversible by 730 nm FR even after several minutes of R.
rate decelerations in response to red light, but after a longer mean lag of 23.75 minutes. No response was observed with red light treatments of less than 1 minute, and the effects of 5 minutes of red light were fully reversible by 5 minutes of 730 nanometers far-red. Fluence-response curves showed that nonpretreated seedlings were approximately 100 times more sensitive to far-red-absorbing form of phytochrome than were those given prior light treatment. Although the fluence-response relationship for nonpretreated seedlings matched the photoconversion kinetics of phytochrome reasonably well, that for the pretreated seedlings indicated a requirement for repeated photoconversions for maximum action. The results are discussed in relation to the possibility that phytochrome may regulate the availability, or the activity, of a component of its own transduction chain.
Phytochrome is capable of mediating a number of cellular effects within seconds of the onset of illumination (12) , but the earliest reported effects on growth regulation are of the order of several minutes (8) , indicating that intermediary processes intervene between photoreception and growth regulation. Accurate estimation of the latent period of a growth response depends upon the sensitivity with which growth may be measured. Using highly sensitive linear displacement transducers resolving growth rates of the order of 0.1 m min-', we recently estimated the latent period for the R-mediated' inhibition ofdark-grown wheat seedling extension to be about 8 min (6) . The latent period was independent of the fluence of R supplied, as were the early kinetics of inhibition (i.e. up to about 40 min); subsequently, up to 65% depression of extension rate was seen, peaking at about 85 min, followed by a gradual return to the pretreatment rate. The involvement of phytochrome could not be proven since the attempts to achieve R/FR reversibility failed. Even when 730 ' Abbreviations: R, red light; Pr, Pfr, red-absorbing and far-red-absorbing forms of phytochrome, respectively; FR, far-red light; G, green light. nm FR was supplied within 4 s after a 10 s exposure to R, growth inhibition was identical to that evoked by the R treatment alone. This paper reports the successful reversion of the R effect by the use of long wavelength FR given immediately after very brief periods of R, and the construction of a fluence-response relationship. In the course of these experiments, seedlings which had inadvertently been preexposed to low levels of light were included; such seedlings exhibited substantial differences in their responses to R and FR radiation, compared with those not previously exposed to light. In particular, the latent period for the R-mediated growth inhibition was significantly longer in preexposed seedlings than in dark-grown seedlings, the sensitivity to R was markedly reduced, while the response was fully reversible by 730 nm FR even after several minutes of R. Light Pretreatments. Seedlings were grown for 3 d in complete darkness; 24 h before the planned time for attachment to the transducer apparatus, selected batches were exposed to low level illumination as specified in Figure legends . The seedlings were then returned to complete darkness until the experiment began.
MATERIALS AND METHODS
Phytochrome Measurements. Phytochrome photoconversion kinetics were measured using an Aminco DW-2a dual wavelength spectrophotometer, recording the difference in absorbance at 660 and 730 nm. It proved impossible to estimate the photoconversion kinetics in single coleoptiles irradiated with the same geometry as in the transducer apparatus due to the low signal to noise ratio, but a sample pathlength of 2 of R given for 10 s or longer (Fig. 3) . With much shorter periods of R-irradiation, virtually complete FR reversibility could be achieved. Thus, ifS min 759 nm FR was given within about 0.5 s following an exposure to 1 s (i.e. 72 ,umol m-2) R, full reversibility was seen (Fig. 3c) .
Growth Inhibition by R: Light-Pretreated Seedlings. Seedlings exposed to 2 min of the broadband green source at a fluence rate of 0.005 Umol m-2 s-I (i.e. a fluence of 0.6 ,umol m-2) 28 h before the R treatment was started exhibited responses superficially similar to those lacking pretreatment, but much longer periods of irradiation (or larger fluences) were needed and the latent period was considerably longer (Fig. 4) to 20% growth rate depression and the maximum effect of about 55 to 60% (Figs. 3 and 5) . Reversibility requires long-wavelength FR, and escape is very rapid, being completely achieved by 10 s (Fig. 3b) . Thus, the nonpretreated seedlings are extremely sensitive to the presence of Pfr, and the action of Pfr is committed very quickly after its first appearance; i.e. Pfr couples to the transduction chain very quickly and is active in very small quantities.
Light-pretreated seedlings respond to 660 nm light, after a lag of about 23 min, by a substantial depression of extension rate similar to that shown by nonpretreated plants (cf. Fig. 4a with Fig. 3a) . FR reversibility is, however, readily achieved with 730 nm radiation, even after 5 min of R (Fig. 4c) . The response therefore appears to be a normal LFR, but the fluence-response relationship poses a considerable problem (Fig. 5) . Although a statistically acceptable relationship is observed, with a correlation coefficient of 0.988, the data bear no relationship at all to the fluence response relationship for the photoconversion of Pr to Pfr (Fig. 5) . The lowest fluence to evoke extension growth rate depression is already greater than that required fully to saturate the Pr-Pfr photoconversion, and yet R/FR reversible, fluencedependent, growth inhibition is seen at higher fluences, all of which establish maximum Pfr concentration. The fluence-response relationship for the light-pretreated seedlings is shifted about two orders of magnitude towards the higher fluences when compared with that for the nonpretreated seedlings, even though the slopes are not significantly different (Fig. 5) .
Other responses are known in which light pretreatment leads to a marked decrease in sensitivity to subsequent light treatment. Raven and Shropshire (13), investigating Chl synthesis in etiolated and light-treated seedlings, observed a shift in the fluenceresponse relationship of four orders of magnitude. BlaauwJansen and Blaauw (3) showed a shift of between three and four orders of magnitude in the exposure-response curve for lettuce seed germination as a result ofa pretreatment with FR. Recently, Blaauw-Jansen and Post (4) have shown with respect to the photostimulation of gravitropic curvature in oat roots, that although FR reversibility of the R effect was not possible with dark-grown seedlings, a light pretreatment given the previous day induced reversibility; these data were accounted for on the basis of a light-mediated decrease in the sensitivity of the gravitropic mechanism to Pfr. In no case has comparison been made with the fluence-response curve for phytochrome photoconversion.
It is not possible to assign the fluence-response anomaly to optical problems in the measurement of phytochrome in the coleoptile tissues, because quantitatively identical photoconversion kinetics were obtained from wheat phytochrome in situ, and from highly purified native oat phytochrome in solution. Furthermore, although light-pretreatment reduced phytochrome content by approximately 30% (due presumably to feedback inhibition of Pr synthesis by the very small amount of Pfr established [7] ), the phototransformation properties of the phytochrome were not altered. These characteristics are more indicative of a high irradiance response (HIR) than a simple LFR. Thus, light-pretreatment not only causes seedlings to become much less sensitive to Pfr, they also appear to require repeated photoconversion of Pr to Pfr for maximum effect.
A viable model of phytochrome action encompassing the VLFR, the LFR, and the HIR does not yet exist, and consequently physiological data such as those reported here are difficult to interpret. Probably the most that can be concluded is that light pretreatment, presumably operating through phytochrome itself, modifies either the availability or the activity of some component of the phytochrome transduction chain. A tempting possibility is that phytochrome regulates the rates of production and turnover of its own reaction partner and thus effects the massive modifications in light sensitivity seen here. On this basis, both the operation of phytochrome for the highly sensitive detection of light by the developing seedling at the soil surface (11) , and its subsequent function as a continuously reversible light quality sensor in the light-grown plant (14) may ultimately be reconciled.
